TRANSMITTER, TRANSMITTING METHOD, 

RECEIVER, AND RECEIVING METHOD 
FOR MC-CDMA COMMUNICATION SYSTEM 

5 FIELD OF THE INVENTION 

The present invention relates to a transmission technique and a receiving 
technique for a muiticarrier CDMA (Code Division Multiple Access) communication 
system. 

10 CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the benefit of priority from the prior 
Japanese Patent Applications No.2000-337992, filed on November 6th, 2000, and 
No.2001 -258451, filed on August 28th, 2001; the entire contents of which are 
incorporated herein by reference. 
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BACKGROUND OF THE INVENTION 

Hereinafter, the term "scrambling code" in this specification is equivalent with 
the term "long code" in the claim. 

Muiticarrier transmission system such as muiticarrier CDMA (Code Division 
20 Multiple Access) or OFDM (Orthogonal Frequency Division Multiplexing) modulates a 
source information signal with a plurality of subcarriers and inserts guard intervals 
(GIs) to modulated signal in order to reduce waveform distortion due to multiple 
delayed-paths. 

FIG. 1 shows a conventional transmitter 1000 for Muiticarrier CDMA (refers to 
25 'MC-CDMA' , hereinafter) systems. The transmitter 1000 provides a plurality of data 
channel generation circuit 100. In each data channel generation circuit 100, a 
transmission data generator 101 generates a transmission data sequence. An 
encoder 102 encodes the generated data sequence. A data modulator 103 modulates 
the encoded data sequence. The modulated data symbol sequence is multiplexed 
30 with a pilot by a multiplexer 104. A serial-parallel converter 105 converts the 
multiplexed symbol sequence into a sequence of N/SF symbols allocated along a 
frequency axis. 

A copier 106 copies each of the sequence of N/SF symbols so that a total 
length of the copies is equal to a period of the short code. A short code generator 
35 107 generates the short code uniquely assigned for each subscriber. The copies 
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allocated along the frequency axis are multiplied with the short code by multipliers 108, 
respectively. 

A combiner 109 combines the outputs from each data channel generation 
circuit 100.1 -100.x and outputs N combined signals. The N combined symbols are 
5 respectively input to other multipliers 111. A scrambling code generator 110 
generates a scrambling code (a long code) and outputs to respective multipliers 111. 
Each multiplier 111 multiplies the respective combined signals with the scrambling 
code, to provide N symbols scrambled by the scrambling code. 

An IFFT unit 113 carries out inverse fast Fourier transform to the N combined 
10 symbols and transforms into an orthogonal multicarrier signal. A GI adder 114 inserts 
guard intervals to the transformed multicarrier signal. This multicarrier signal is 
transmitted as a wireless signal. 

A receiver for MC-CDMA system receives the multicarrier signal transmitted 
from the transmitter and removes the GIs from the multicarrier signal. The receiver 
15 further carries out FFT (Fast Fourier Transform) to separate the received multicarrier 
f\ signal into the N subcarrier components and recovers the original data sequence. 

£ Before carrying out FFT, the receiver must detect FFT timing. 

;: ; To detect the FFT timing, the OFDM employs a technique by using a 

P correlation characteristic of a guard interval. This technique is disclosed in "A 

20 Simultaneous Estimation of Symbol Synchronization and Frequency Offset of 
Q Multicarrier Modulation Signals" by Mori, Okada, Hara, Komaki, and Morinaga in IEICE 

r Technical Reelement RCS95-70, pp. 9-16 (1995-09). Another technique is proposed 

that transmits a timing detection signal twice, and on a receiver side f detects a 
correlation between two symbols. This technique is disclosed in "Study on 
25 Synchronization Method for High-Speed Wireless LAN OFDM System" by Onizawa, 
Mizoguchi, Kumagai, Takanashi, and Morikura in IEICE Technical Reelement RCS97- 
210, pp. 137-142 (1998-01). 

In MC-CDMA systems, each subscriber is identified according to a short code 
allocated to each subscriber. Therefore, multiple subscribers may simultaneously 
30 carry out communications in the same frequency band. 

A mobile communication system employing the MC-CDMA must employ 
scrambling codes to identify respective base stations. Therefore, the receiver for the 
multicarrier CDMA system must be able to identify a scrambling code as well as to 
detect a FFT timing. Accordingly, each mobile station must detect correlations in 
35 connection with all scrambling codes prepared by the system and detect a scrambling 
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code related to a signal from a base station to which the mobile station must be 
connected. For flexible allocation of scrambling codes for each base station, the 
system must prepare several hundreds of scrambling codes. This raises a problem 
that a mobile station must spend long time to detect a proper scrambling code before 
starting communication with a target base station. Studies on the multicarrier CDMA, 
however, are mostly related to the evaluation of link levels, and none are related to the 
identification of scrambling codes. 

SUMMARY OF THE INVENTION 

In order to solve the problems set forth above, an object of the present 
invention is to provide a transmission technique and a receiving technique for a mobile 
communication system of MC-CDMA using scrambling codes capable of correctly 
detecting a specific scrambling code on a receiver side at high speed. 

Another object of the present invention is to provide a signal receiving 
technique for a mobile communication system of MC-CDMA using scrambling codes 
capable of determining a received timing of a synchronization signal from an optimum 
cell by providing plural candidates for an optimum base station. 

In order to accomplish the objects, a first aspect of the present invention is a 
transmitter of multicarrier signal for a mobile communication system, comprising: a 
data channel generator multiplying a plurality of transmission data sequences by a 
plurality of short codes, respectively; a long code multiplier multiplying the plurality of 
transmission data sequences multiplied by the plurality of the short codes by a 
common long code, respectively; a synchronization signal generator multiplying a 
transmission data sequence for synchronization signal only by a spreading code for 
synchronization signal; and a transmission element transmitting, by using a plurality of 
subcarriers, the transmission data sequences doubly multiplied by the short code and 
the long code, and transmitting the synchronization signal multiplied only by the 
spreading code for synchronization signal. 

A second aspect of the present invention is a multicarrier signal transmission 
method for a mobile communication system, comprising: transmitting, by using a 
plurality of subcarriers, a data sequence doubly multiplied by a short code and a long 
code; and transmitting, by using one for a plurality of subcarriers, a synchronization 
signal multiplied only by a spreading code for synchronization signal. 

A third aspect of the present invention is a receiver of multicarrier signal for a 
mobile communication system, the system transmits, by using a plurality of 



- subcarriers, a data sequence doubly multiplied by a short code and a long code chosen 

from a long code group, comprising: a receiving element receiving the multicarrier 
signal containing the subcarriers, at least one of which a synchronization signal is 
transmitted therein, multiplied only by a spreading code for synchronization signal; a 
5 correlator detecting correlation values between the received multicarrier signal and a 
synchronization signal replica; and a timing detector detecting an FFT timing and a 
received timing of long code according to the correlation values. 

A fourth aspect of the present invention is a receiver of multicarrier signal for 
a mobile communication system, the system transmits, by using a plurality of 
10 subcarriers, a data sequence doubly multiplied by a short code and a long code chosen 
from a long code group, comprising: a receiving element receiving the multicarrier 
signal containing the subcarriers, at least one of which a synchronization signal is 

2 transmitted therein, multiplied only by a spreading code for synchronization signal; a 
V first correlator detecting correlation values between the received multicarrier signal 
jiff 15 and synchronization signal replicas; a timing detector detecting an FFT timing and a 

received timing of long code according to the correlation values; an FFT unit carrying 
|S out FFT at the detected FFT timing, to separate the received multicarrier signal into a 

r :; plurality of subcarrier components; a second correlator detecting, at the detected 

H* received timing of long code, correlation values between the subcarrier components 

20 and a plurality of replicas of data sequence doubly multiplied by a short code and each 

3 long code chosen from a long code group; a code detector detecting, according to the 
detected correlation values, a long code that is scrambling the received multicarrier 
signal; and a demodulation circuit demodulating the data sequence from the received 
multicarrier signal by using the received timing of long code and the long code. 

25 A fifth aspect of the present invention is a receiver of multicarrier signal for a 

mobile communication system, the system transmits, by using a plurality of 
subcarriers, a data sequence doubly multiplied by a short code and a long code chosen 
from a long code group, comprising: a receiving element receiving the multicarrier 
signal containing the subcarriers , at least one of which a synchronization signal is 

30 transmitted therein, multiplied only by a spreading code for synchronization signal; a 
subcarrier separator carrying out FFT operations at a plurality of FFT timing 
candidates to separate the received multicarrier signal into a plurality of subcarrier 
components; a correlator detecting correlation values between the subcarrier 
components that carry the synchronization signal and a synchronization signal replica; 

35 and a timing detector detecting a received timing of long code and an FFT timing 
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according to the correlation values. 

A sixth aspect of the present invention is a receiver of multicarrier signal for a 
mobile communication system, the system transmits, by using a plurality of 
subcarriers, a data sequence doubly multiplied by a short code and a long code chosen 
5 from a long code group, comprising: a receiving element receiving the multicarrier 
signal containing the subcarriers , at least one of which a synchronization signal is 
transmitted therein, multiplied only by a spreading code for synchronization signal; a 
subcarrier separator carrying out FFT operations at a plurality of FFT timing 
candidates to separate the received multicarrier signal into a plurality of subcarrier 
10 components; a first correlator detecting correlation values between the subcarrier 
components that carry the synchronization signal and a synchronization signal replica; 
a timing s detecting a received timing of long code and an FFT timing according to the 
correlation values; an FFT unit carrying out FFT operation at the detected FFT timing 
to separate the received multicarrier signal into a plurality of subcarrier components; a 
4fi 15 second correlator detecting, at the detected received timing of long code, correlation 
values between the subcarrier components and a plurality of replicas of data sequence 
4C doubly multiplied by a short code and each long code chosen from a long code group; a 

;y code detector detecting, according to the detected correlation values, a long code that 

H is scrambling the received multicarrier signal; and a demodulation circuit demodulating 

S3 

S 20 the data sequence from the received multicarrier signal by using the received timing of 
;H long code and the long code. 

A seventh aspect of the present invention is a receiver of multicarrier signal 
for a mobile communication system, the system transmits, by using a plurality of 
subcarriers, a data sequence doubly multiplied by a short code and a long code chosen 
25 from a long code group, comprising: a receiving element receiving the multicarrier 
signal containing the subcarriers , at least one of which a synchronization signal is 
transmitted therein, multiplied only by a spreading code for synchronization signal; a 
subcarrier separator separating the received multicarrier signal into a plurality of 
subcarrier components; a correlator detecting correlation values between the 
30 subcarrier components that carry the synchronization signal and a synchronization 
signal replica; and a timing detector detecting a received timing of long code according 
to the correlation values. 

A eighth aspect of the present invention is a receiver of multicarrier signal for 
a mobile communication system, the system transmits, by using a plurality of 
35 subcarriers, a data sequence doubly multiplied by a short code and a long code chosen 
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from a long code group, comprising: a receiving element receiving the multicarrier 
signal containing the subcarriers , at least one of which a synchronization signal is 
transmitted therein, multiplied only by a spreading code for synchronization signal; a 
subcarrier separator separating the received multicarrier signal into a plurality of 
5 subcarrier components; a first correlator detecting correlation values between the 
subcarrier components that carry the synchronization signal and a synchronization 
signal replica; and a timing detector detecting a received timing of long code according 
to the correlation values; a second correlator detecting, at the detected received 
timing of long code, correlation values between the subcarrier components and a 
10 plurality of replicas of data sequence doubly multiplied by a short code and each long 
code chosen from a long code group; a code detector detecting, according to the 
detected correlation values, a long code that is scrambling the received multicarrier 
?5 signal; and a demodulation circuit demodulating a data sequence from the received 

multicarrier signal by using the received timing of long code and the long code. 
If 15 A ninth aspect of the present invention is a receiver of multicarrier signal for a 

mobile communication system, the system transmits, by using a plurality of 
subcarriers, a data sequence doubly multiplied by a short code and a long code chosen 
from a long code group, comprising: a receiving element receiving the multicarrier 
signal containing the subcarriers , at least one of which a synchronization signal is 
20 transmitted therein, multiplied only by a spreading code for synchronization signal; a 
subcarrier separator carrying out FFT operations at a plurality of FFT timing 
candidates to separate the received multicarrier signal into plural groups each of which 
contains a plurality of subcarrier components; a first correlator detecting correlation 
values between the subcarrier components that carry the synchronization signal and a 
25 synchronization signal replica for each groups of subcarriers; a timing detector 
detecting a plurality of received timing candidates of a long code; a second correlator 
detecting, at each received timing candidate of the long code, correlation values 
between the subcarrier components and a plurality of replicas of data sequence doubly 
multiplied by a short code and each long code chosen from a long code group; a code 
30 candidate detector detecting, according to the detected correlation values, a plurality 
of candidates of long code for scrambling a multicarrier signal; a timing and code 
detector detecting a received timing of long code among the received timing 
candidates and detecting a long code among the candidates of long code; and a 
demodulation circuit demodulating the data sequence from the received multicarrier 
35 signal by using the received timing of long code and the long code. 
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A tenth aspect of the present invention is a receiver of multicarrier signal for 
a mobile communication system, the system transmits, by using a plurality of 
subcarriers, a data sequence doubly multiplied by a short code and a long code chosen 
from a long code group, comprising: a receiving element receiving the multicarrier 
signal containing the subcarriers , at least one of which a synchronization signal is 
transmitted therein, multiplied only by a spreading code for synchronization signal; an 
FFT timing detector detecting a correlation for a guard interval of the received 
multicarrier signal, to detect an FFT timing; a subcarrier separator carrying out FFT at 
the detected FFT timing to separate the received multicarrier signal into a plurality of 
subcarrier components; a correlator detecting correlation values between subcarriers 
that carry a synchronization signal among the separated subcarriers and a 
synchronization signal replica; and a timing detector detecting a received timing of long 
code according to the correlation values. 

A eleventh aspect of the present invention is a receiver of multicarrier signal 
for a mobile communication system, the system transmits, by using a plurality of 
subcarriers, a data sequence doubly multiplied by a short code and a long code chosen 
from a long code group, comprising: a receiving element receiving the multicarrier 
signal containing the subcarriers , at least one of which a synchronization signal is 
transmitted therein, multiplied only by a spreading code for synchronization signal; an 
FFT timing detector detecting a correlation for a guard interval of the received 
multicarrier signal, to detect an FFT timing; a subcarrier separator carrying out FFT at 
the detected FFT timing to separate the received multicarrier signal into a plurality of 
subcarrier components; a first correlator detecting correlation values between 
subcarriers that carry a synchronization signal among the separated subcarriers and a 
synchronization signal replica; a timing detector detecting a received timing of long 
code according to the correlation values; a second correlator detecting, at the 
detected received timing of long code, correlation values between the subcarrier 
components and a plurality of replicas of data sequence doubly multiplied by a short 
code and each long code chosen from a long code group; a code detector detecting, 
according to the detected correlation values, a long code that is scrambling the 
received multicarrier signal; and a demodulation circuit demodulating the data 
sequence from the received multicarrier signal by using the received timing of long 
code and the long code. 

A twelfth aspect of the present invention is a multicarrier signal receiving 
method for a mobile communication system, the system transmits, by using a plurality 



of subcarriers, a data sequence doubly multiplied by a short code and a long code 
chosen from a long code group, comprising: a receiving step of receiving the 
multicarrier signal containing the subcarriers , at least one of which a synchronization 
signal is transmitted therein, multiplied only by a spreading code for synchronization 
5 signal; a correlation detection step of detecting correlation values between the 
received multicarrier signal and synchronization signal replicas; and a timing detection 
step of detecting an FFT timing and a received timing of long code according to the 
correlation values. 

According to a thirteenth aspect of the present invention, a method as in the 
10 twelfth aspect of the present invention further comprises: a separation step of 
carrymg out FFT at the detected FFT timing, to separate the received multicarrier 
signal into a plurality of subcarrier components; a correlation detection step of 
detecting, at the detected received timing of long code, correlation values between the 
subcarrier components and a plurality of replicas of data sequence doubly multiplied by 
15 a short code and each long code chosen from a long code group; and a code detection 
&l step of detecting, according to the detected correlation values, a long code that is 

J5 scrambling the received multicarrier signal. 

: A fourteenth aspect of the present invention is a multicarrier signal receiving 

M method for a mobile communication system, the system transmits, by using a plurality 

■fj 20 of subcarriers, a data sequence doubly multiplied by a short code and a long code 
Q chosen from a long code group, comprising: a receiving step of receiving the 

r " multicarrier signal containing the subcarriers , at least one of which a synchronization 

signal is transmitted therein, multiplied only by a spreading code for synchronization 
signal; a separation step of separating the received multicarrier signal into a plurality of 
25 subcarrier components; a correlation detection step of detecting correlation values 
between the subcarrier components that carry the synchronization signal and a 
synchronization signal replica; and a timing detection step of detecting a received 
timing of long code according to the correlation values. 

A fifteenth aspect of the present invention is a multicarrier signal receiving 
30 method for a mobile communication system, the system transmits, by using a plurality 
of subcarriers, a data sequence doubly multiplied by a short code and a long code 
chosen from a long code group, comprising: a receiving step of receiving the 
multicarrier signal containing the subcarriers , at least one of which a synchronization 
signal is transmitted therein, multiplied only by a spreading code for synchronization 
35 signal; a separation step of carrying out FFT on the received multicarrier signal at a 



- 8 - 



plurality of FFT timing candidates, to separate the received multicarrier signal into a 
plurality of subcarrier components for each FFT timing candidate; a first correlation 
detection step of detecting correlation values between the subcarrier components that 
carry the synchronization signal and a synchronization signal replica; a timing detection 
5 step of detecting a received timing of long code according to the correlation values; a 
second correlation detection step of detecting, at the detected received timing of long 
code, correlation values between the subcarrier components and a plurality of replicas 
of data sequence doubly multiplied by a short code and each long code chosen from a 
long code group; and a timing and code detection step of detecting an FFT timing, a 
10 received timing of long code, and the long code that is scrambling the received 
multicarrier signal according to the detected correlation values for each of the FFT 
timing candidates in the second correlation detection step. 
3 A sixteenth aspect of the present invention is a multicarrier signal receiving 

1 method for a mobile communication system, the system transmits, by using a plurality 
% 15 of subcarriers, a data sequence doubly multiplied by a short code and a long code 
^ chosen from a long code group, comprising: an FFT timing detection step of detecting 
S, a correlation for a guard interval of a received multicarrier signal, to detect an FFT 

timing; a separation step of carrying out FFT at the FFT timing, to separate the 
Z received multicarrier signal into a plurality of subcarrier components; a correlation 

2 20 detection step of detecting correlation values between subcarriers that carry a 
□ synchronization signal among the separated subcarriers and a synchronization signal 
"* replica; and a timing detection step of detecting a received timing of long code 

according to the correlation values. 

According to a seventeenth aspect of the present invention, a method as in 

25 the sixteenth aspect of the present invention further comprises: a correlation 
detection step of detecting, at the detected received timing of long code, correlation 
values between the subcarrier components and the data sequence doubly multiplied by 
the short code and the long code chosen from the long code group; and a code 
detection step of detecting, according to the detected correlation values, a long code 

30 that is scrambling the received multicarrier signal. 

A eighteenth aspect of the present invention is a receiver of multicarrier 
signal for a mobile communication system, the system transmits, by using a plurality of 
subcarriers, a data sequence doubly multiplied by a short code and a long code chosen 
from a long code group, comprising: a receiving element receiving the multicarrier 

35 signal containing the subcarriers , at least one of which a synchronization signal is 
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transmitted therein, multiplied only by a spreading code for synchronization signal; and 
an FFT timing detector detecting a plurality of FFT timing candidates according to a 
correlation characteristic of a guard interval contained in the received multicarrier 
signal; wherein the FFT timing detector comprises: a multiplier multiplying the received 
5 multicarrier signal by a delayed signal by one symbol length of the received multicarrier 
signal, to provide a product; an integrator integrating the product over one guard 
interval at every guard interval, to provide a plurality of correlation values; a first 
memory storing the correlation values and corresponding timings thereto; a second 
memory storing a plurality of FFT timing candidates consecutively given; a search 
10 range setter setting search ranges for respective FFT timing candidates according to 
the correlation values in the first memory and the FFT timing candidates in the second 
memory; and a timing detector firstly selecting a maximum correlation value and a 
S corresponding timing from the values in the first memory as an FFT timing candidate 

ij #1 and storing the FFT timing candidate #1 in the second memory, subsequently 

m 15 making the search rang setter set a new search range according to the values stored 
ff 1 in the first memory and the FFT timing candidate previously stored in the second 

A memory, selecting a maximum correlation value and a corresponding timing from the 

;f values within the search range previously set as an FFT timing candidate #2 and 

IU storing the FFT timing candidate #2 in the second memory, and repeating the same 

H 20 operations of setting a new search range and selecting an FFT timing candidate of 
O next number until detecting a predetermined number of FFT timing candidates. 

^ According to a nineteenth aspect of the present invention, a receiver as in the 

eighteenth aspect of the present invention, further comprises: a plurality of FFT units, 
each of which carries out FFT operations to the received multicarrier signal at each of 
25 detected plural FFT timing candidates to separate the received multicarrier signal into 
a plurality of subcarrier components; a plurality of first correlators, each of which 
detects correlation values between the subcarrier components that carry the 
synchronization signal and a synchronization signal replica for each groups of 
subcarriers; a plurality of timing detectors, each of which detects a plurality of 
30 received timing candidates of long code; a plurality of second correlators, each of 
which detects, at each received timing candidate of long code, correlation values 
between the subcarrier components and a plurality of replicas of data sequence doubly 
multiplied by a short code and each long code chosen from a long code group; a 
plurality of code candidate detectors, each of which detects, according to the 
35 detected correlation values, a plurality of candidates of long code for scrambling a 
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multicarrier signal; a timing and code detector detecting a received timing of long code 
among the received timing candidates and detecting a long code among the candidates 
of long code; and a demodulation circuit demodulating the data sequence from the 
received multicarrier signal by using the received timing of long code and the long 
5 code. 

According to a twentieth aspect of the present invention, a receiver as in the 
eighteenth aspect of the present invention, further comprises: a plurality of first FFT 
units, each of which carries out FFT operations to the received multicarrier signal at 
each of detected plural FFT timing candidates to separate the received multicarrier 
10 signal into a plurality of subcarrier components; a plurality of first correlators, each of 
which detects correlation values between the subcarrier components that carry the 
synchronization signal and a synchronization signal replica for each group of 
3 subcarriers; a timing detector detecting a received timing of long code and an FFT 

£| timing according to the correlation values; a second FFT unit carrying out FFT 

IS 15 operation at the detected FFT timing to the received multicarrier signal to separate a 
iff! plurality of subcarriers; a second correlator detecting, at the received timing of long 

;3 code, correlation values between the subcarrier components and a replica of data 

5 sequence doubly multiplied by a short code and each long code chosen from a long 

Li code group; a code detector detecting, according to the detected correlation values, a 

;9 20 long code for scrambling a multicarrier signal; and a demodulation circuit demodulating 
O the data sequence from the received multicarrier signal by using the received timing of 

r> long code and the long code. 

A twenty first aspect of the present invention is a multicarrier signal receiving 
method for a mobile communication system, the system transmits, by using a plurality 
25 of subcarriers, a data sequence doubly multiplied by a short code and a long code 
chosen from a long code group, comprising: an FFT timing detection step of detecting 
a plurality of FFT timing candidates according to a correlation characteristic of a guard 
interval contained in a received multicarrier signal. 

According a twenty second aspect of the present invention, a method as in 
30 the twenty first aspect of the present invention, further comprises: a step of setting 
additional FFT timing candidates before and behind each of the determined FFT timing 
candidates. 

According a twenty third aspect of the present invention, a method as in the 
twenty first aspect of the present invention further comprises: a step of carrying out 
35 FFT at a plurality of the FFT timing candidates, to separate the received multicarrier 
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signal into a plurality of subcarrier components; a step of detecting correlation values 
between subcarriers that carry a synchronization signal among the separated 
subcarriers and a synchronization signal replica; a step of detecting one or a plurality 
of received timing candidates of the long code according to the detected correlation 
5 values; a step of detecting, at respective timings of the detected received timing 
candidates of the long code, correlation values between the subcarrier components 
and a plurality of replicas of data sequence doubly multiplied by each long code chosen 
from a long code group and a short code; and a step of detecting an FFT timing, a 
received timing of long code, and a long code that is scrambling the received 

10 multicarrier signal according to the detected correlation values. 

A twenty fourth aspect of the present invention is a multicarrier signal 
receiving method for a mobile communication system, the system transmits, by using a 
plurality of subcarriers, a data sequence doubly multiplied by a short code and a long 
code chosen from a long code group, comprising: detecting correlation values between 

15 the subcarrier components separated from a received multicarrier signal and a plurality 
of replicas of data sequence doubly multiplied by each long code chosen from a long 
code group and a short code, by: integrating the product coherently over Navg symbols 
along a time axis for each subcarrier, where Navg is an integer equal to or larger than 
1; accumulating coherently the integrated value of each subcarrier for Ncs consecutive 

20 subcarriers along a frequency axis, where Ncs is an integer satisfying 1<=Ncs<=N, and 
N is the number of the subcarriers; and detecting averaged correlation values by 
averaging Nps accumulated value of every Ncs subcarriers by squared form along the 
frequency axis, wherein Nps is an integer satisfying 1<=Nps<=Nc/Ncs. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a transmitter for a mobile communication 

system of MC-CDMA according to a prior art; 

Figures 2A and 2B respectively show a scrambling code pattern according to 

the prior art; 

30 Figure 3 is a block diagram of a first embodiment of a transmitter for a mobile 

communication system of MC-CDMA according to the present invention; 

Figures 4A and 4B respectively show an example of a synchronization signal 
structure according to the first embodiment; 

Figures 5A and 5B respectively show another example of the synchronization 
35 signal structure according to the first embodiment; 
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Figures 6A, 6B and 6C respectively show a another example of the 
synchronization signal structure according to the first embodiment; 

Figure 7A shows a another example of the synchronization signal structure 
according to the first embodiment of the present invention; 
5 Figure 7B is a detection method by correlation property of synchronization 

signals to be detected by a receiver; 

Figure 8 is a block diagram of a second embodiment of a transmitter for a 
mobile communication system of MC-CDMA according to the present invention; 

Figures 9A and 9B respectively show an example of a synchronization signal 
10 structure according to the second embodiment; 

Figure 10 is a block diagram of a third embodiment of a receiver for a mobile 
communication system of MC-CDMA according to the present invention; 

Figure 11 shows a precise block diagram of a received timing detector of 
scrambling code and a scrambling code identification circuit employed by the third 
15 embodiment of the receiver; 

Figure 12 shows a precise block diagram of a demodulation circuit employed 
by the third embodiment of the receiver; 

Figure 13 is a flowchart showing a processing method for a received 
multicarrier signal carried out by the third embodiment of the receiver; 
20 Figure 14 is a block diagram of a fourth embodiment of a receiver for a mobile 

communication system of MC-CDMA according to the present invention; 

Figure 15 is a flowchart showing a processing method for a received 
multicarrier signal carried out by the fourth embodiment of the receiver; 

Figure 16 is a block diagram of a fifth embodiment of a receiver for a mobile 
25 communication system of MC-CDMA according to the present invention; 

Figure 17 is a flowchart showing a processing method for a received 
multicarrier signal carried out by the fifth embodiment of the receiver; 

Figure 18 is a block diagram of a sixth embodiment of a receiver for a mobile 
communication system of MC-CDMA according to the present invention; 
30 Figure 19 is a flowchart showing a processing method for a received 

multicarrier signal carried out by the sixth embodiment of the receiver; 

Figure 20 is a block diagram of a seventh embodiment of a receiver for a 
mobile communication system of MC-CDMA according to the present invention; 

Figure 21 is a flowchart showing a processing method for a received 
35 multicarrier signal carried out by the seventh embodiment of the receiver; 
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Figure 22 shows an ordinary processing method for a received multicarrier 
signal to detect a FFT timing; 

Figure 23 is an explanatory view showing the ordinary processing method for 
the received multicarrier signal to detect a FFT timing; 
5 Figure 24 is a diagram showing an example of a sequence of correlation values 

detected by the ordinary processing method shown in figures 22 and 23; 

Figure 25 is a block diagram of an eighth embodiment of a receiver for a 
mobile communication system of MC-CDMA according to the present invention; 

Figure 26 is a flowchart showing a processing method for detecting FFT timing 
10 candidates from a received multicarrier signal carried out by the eighth embodiment of 
the receiver; 

Figure 27 is an explanatory view showing exclusion windows and FFT timing 
y candidates according to the eighth embodiment; 

;|;f Figure 28 is a flowchart showing a processing method for a received 

15 multicarrier signal carried out by the seventh embodiment of the receiver; 
ffl Figure 29 is an explanatory view showing another exclusion windows and FFT 

£ timing candidates according to the eighth embodiment; 

* Figure 30 is an explanatory view showing another exclusion windows and FFT 

timing candidates according to the eighth embodiment; 
C3 20 Figure 31 is an explanatory view showing another exclusion windows and FFT 

^% timing candidates according to the eighth embodiment; 

Figure 32 is an explanatory view showing another exclusion windows and FFT 
timing candidates according to the eighth embodiment; 

Figure 33 is an explanatory view showing another exclusion windows and FFT 
25 timing candidates according to the eighth embodiment; 

Figure 34 is an explanatory view showing another exclusion windows and FFT 
timing candidates according to the eighth embodiment; 

Figure 35 is an explanatory view showing another exclusion windows and FFT 
timing candidates according to the eighth embodiment; 
30 Figure 36 is a block diagram of a ninth embodiment of a receiver for a mobile 

communication system of MC-CDMA according to the present invention; 

Figure 37 is a flowchart showing a processing method for a received 
multicarrier signal carried out by the seventh embodiment of the receiver; 

Figure 38 is an explanatory view showing a correlation detection method of a 
35 long code carried out by a receiver according to the present invention; 
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Figure 39 is an explanatory view showing another correlation detection method 
of a long code carried out by a receiver according to the present invention; 

Figure 40 is an explanatory view showing another correlation detection method 
of a long code carried out by a receiver according to the present invention; and 
5 Figure 41 is an explanatory view showing another correlation detection method 

of a long code carried out by a receiver according to the present invention. 

* 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will be explained in detail with reference 
10 to the accompanying drawings. 

FIGs. 2A and 2B respectively show an example of an ordinary scrambling code 
pattern of an MC-CDMA transmission system. A scrambling code, which is referred 
Q to as a long code in the claims, has specific patterns along both frequency and time 

%f axes depending on a base station to which the scrambling code is allocated. FIG. 2A 

15 shows an example of using a long code, a chip length of which is longer than the 
P number of subcarriers. FIG. 2B shows an example of using a long code, a chip length 

j£ of which is equal to the number of subcarriers and which is consecutively shifted by 

;f one symbol along a frequency axis. 

FIG. 3 shows a first embodiment of a transmitter for an MC-CDMA 
5 20 communication system. The transmitter 10.1 is accommodated in each base station 
lp transmitting wireless multicarrier signal. The transmitter 10.1 provides multiple data 

r " channel generation circuits 100.1 -100.x. In each data channel generation circuit 100, 

an encoder 102 encodes a transmission data sequence from a transmission data 
generator 101. The encoded data sequence from the encoder 102 is modulated by a 
25 data modulator 103 and multiplexed by a multiplexer 104 with a pilot symbol. 

A serial-parallel converter 105 carries out serial-parallel conversion to the 
serial data sequence and outputs a sequence of N/SF symbols allocated along a 
frequency axis. A copier 106 copies each of the sequence of N/SF symbols so that a 
total length of the copies is equal to a length of a short code. This sequence length 
30 is equivalent with a period of the short code. 

A short code generator 107 generates the short code. The copies allocated 
along the frequency axis are multiplied with the short code by multipliers 108, 
respectively. 

A first combiner 109 combines every multiplied signals of the same channel 
35 from each data channel generation circuit 100.1 -100.x and outputs N combined 
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symbols. The N combined symbols are respectively input to another multipliers 111. 
A scrambling code generator 110 generates a scrambling code and outputs to 
respective multipliers 111. Each multiplier 111 multiplies the respective combined 
symbols with the scrambling code along the frequency axis. 

By a second combiner 112, the N multiplied symbols with the scrambling code 
(long code) from the respective multipliers 111 are additionally combined with a 
synchronization signal from a synchronization signal generation circuit 120.1. An IFFT 
unit 113 carries out inverse fast Fourier transform to the N symbols and transforms 
into an orthogonal multicarrier signal. A GI adder 114 inserts guard intervals to the 
transformed multicarrier signal. This multicarrier signal is transmitted into the air as a 
wireless signal. 

The generation of the synchronization signal by the circuit 120.1 will be 
explained. A synchronization signal data sequence D1 is usually common to all base 
stations and may consist of all T sequence. A data generator 121 generates this 
synchronization signal data sequence D1 and a data modulator 122 modulates the 
synchronization signal data sequence D1. The modulated data sequence is multiplied 
with a spreading code for synchronization signal C1 by a multiplier 124 to provide a 
synchronization signal S1 for the second combiner112. The spreading code for 
synchronization signal C1 is that of generated by a synchronization signal generator 
123. 

A transmission method of multicarrier signal carried out by the multicarrier 
signal transmitter 10.1 shown in FIG. 3 will be explained. FIG. 4A shows a first 
example of synchronization signal S1 continuously transmitted along a time axis on a 
plurality of subcarriers and FIG. 4B shows the synchronization signal S1 continuously 
transmitted along a time axis on a single subcarrier. The synchronization signal S1 is 
output from the synchronization signal generation circuit 120.1 shown in FIG. 3. The 
synchronization signal S1 is yielded through multiplication of the spreading code for 
synchronization signal C1 with the synchronization data sequence D1. 

In the transmitter 10.1, the second combiner 112.1 continuously combines the 
synchronization signal S1 with a single or multiple specific subcarrier(s) along the time 
axis. The IFFT unit 113 carries out the inverse fast Fourier transform to the 
combined signals from the second combiner 112.1 and transforms them into the 
multicarrier signal, and the GI adder 1 14 inserts the guard intervals of a fixed period to 
the multicarrier signal from the IFFT unit 1 13 on every FFT timings. 

FIG. 5A shows a third example of a synchronization signal structure 



transmitted by the transmitter 10.1 shown in FIG. 3. The synchronization signal 
structure shown in FIG. 5A also transmits a synchronization signal S2 along the time 
axis on a single subcarrier. The synchronization signal S2 generated by the 
synchronization signal generation circuit 120.1 has a specific pattern along a time axis. 
5 A pattern length of the synchronization signal S2 is equal to an iteration period of 
scramble pattern r. The specific pattern is realizable by a scramble code pattern 
for the synchronization signal. Accordingly, for a receiver, detecting a received timing 
of the synchronization signal S2 results in detecting a received timing of multiplication 
start timing of the scrambling code. 

10 FIG. 5B shows a fourth example of a synchronization signal structure 

transmitted by the transmitter 10.1 shown in FIG. 3.. The data frame transmits a 
synchronization signal S3 along the time axis. The synchronization signal S3 from the 
synchronization signal generation circuit 120.1 also has a specific pattern along the 
time axis. A period of the synchronization signal S3 is equal to a half of the iteration 

15 period of scramble pattern Z. For a receiver, detecting a received timing of the 
synchronization signal S3 results in confining a received timing of multiplication start 
timing of a scrambling code to be detected within a limited interval. 

FIGs. 6A to 6C show a fifth example of a synchronization signal structure 
transmitted by the transmitter 10.1 shown in FIG. 3, in which FIG. 6A shows a 

20 synchronization signal S4 simultaneously transmitted in a burst manner on a plurality 
of subcarriers, FIG. 6B shows a synchronization signal S4 transmitted in a burst 
manner on a single subcarrier, and FIG. 6C shows a synchronization signal S4 
simultaneously transmitted in a burst manner on all subcarriers. 

FIG. 7A shows a sixth example of a synchronization signal structure 

25 transmitted by the transmitter 10.1 shown in FIG. 3. A synchronization signal S5 is 
transmitted in a burst manner on multiple subcarriers at different timings. 
Accordingly, as shown in FIG. 7B, for a receiver, detecting multiple subcarriers in which 
the synchronization signals S5 are transmitted and each received timing thereof 
results in detecting a received timing of multiplication start timing of the scrambling 

30 code. 

A second embodiment of a multicarrier signal transmitter for an MC-CDMA 
system will be explained. In FIG. 8 showing a transmitter of multicarrier signal 10.2 of 
the second embodiment, blocks given the common numerals with the blocks shown in 
FIG.3 are identical. A feature of the multicarrier signal transmitter of the second 
35 embodiment is that a synchronization signal generation circuit 120.2 provides a serial- 
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parallel converter 125. 

A data generator 121 generates a data sequence D1. The data sequence D1 
is usually common to all base stations and may consist of all *1' sequence. The 
synchronization signal data sequence D1 is modulated by a data modulator 122, and 
5 the modulated data sequence is converted by a serial-parallel converter 125 into N 
symbols along a frequency axis. Multipliers 126 respectively multiply, along the 
frequency axis, the N symbols with a scrambling code for synchronization signal C1 
that is generated by a synchronization signal generator 123. The multipliers 126 
output N parallel synchronization symbols S6 to a second combiner 112.2. 
10 The second combiner 112.2 combines the N symbols of synchronization 

signals S6 with the N subcarriers at a specific timing. To make a transmit timing of 
the synchronization signal indicate a scrambling code transmit timing like FIGs. 9A and 
9B, each synchronization signal S6 is transmitted in synchronization with the 
scrambling code transmit timing. 
15 In a transmission method of multicarrier signal shown in FIGs. 9A and 9B, a 

P transmitter of multicarrier signal 10.2 simultaneously transmits a synchronization signal 

2 S6 in a burst manner on all subcarriers. In FIG. 9A, a start timing of a scrambling 

5 code pattern coincides with a transmit timing of the synchronization signal S6. 

U Accordingly, for a receiver, detecting the received timing of the synchronization signal 

O 20 S6 results in detecting the received timing of multiplication start timing of the 
PI scrambling code. In FIG. 9B, a synchronization signal S6 is transmitted twice within 

an iteration period of scramble pattern Z . Namely, an interval between 
synchronization signal transmit timings is equal to a half of the iteration period of 
scramble pattern X, Accordingly, for a receiver, detecting the received timing of 
25 synchronization signal results in confining a received timing of multiplication start 
timing of a scrambling code to be detected within a limited interval. 

A third embodiment of a receiver for MC-CDMA transmission system will be 
explained referring to FIGs. 10-12. A receiver for MC-CDMA transmission system 
20.1 comprises an antenna for multicarrier wireless signal 199, a detector of scrambling 
30 code received timing 200.1, a GI remover 208, an FFT unit 209, a scrambling code 
identification circuit 210.1 and a demodulation circuit 300. The detector of scrambling 
code received timing 200.1 inputs the multicarrier signal received by the antenna 199 
and detects a scrambling code received timing and an FFT timing. The GI remover 
208 removes guard intervals from the multicarrier signal according to the detected 
35 FFT timing. The FFT unit 209 carries out fast Fourier transforms to the multicarrier 
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signal and separates to N subcarrier components. The scrambling code identification 
circuit 210.1 having an inner configuration as shown in FIG. 11 identifies a scrambling 
code that is multiplied on the multicarrier signal received by the antenna 199. The 
demodulation circuit 300 having an inner configuration as shown in FIG. 12 
5 demodulates the received multicarrier signal to an original data sequence by using the 
received timing of scrambling code from the detector of scrambling code received 
timing 200.1 and the scrambling code from the scrambling code detector 210.1. 

As precisely shown in FIG. 11, the detector of scrambling code received timing 
200.1 inputs a multicarrier signal received by the antenna 199 to a correlator 201. A 

10 generator of synchronization signal replica 202 generates synchronization signal 
replicas, which are supplied to the correlator 201. The correlator 201 detects 
correlation values between the received multicarrier signal and the replicas of 
synchronization signal. Each correlation value having a peak and a corresponding 
timing are stored in a correlation/timing memory 203. A timing detector 204 selects a 

15 maximum correlation value and a corresponding timing from the values stored in the 
correlation/timing memory 203. The selected timing is stored as a received timing of 
scrambling code in a memory 205. The received timing of scrambling code is used to 
calculate an FFT timing, which is also stored in the memory 205. The memory 205 
provides the FFT timing to the GI remover 208 and the received timing of scrambling 

20 code to the scrambling code identification circuit 210 and the demodulation circuit 300. 

After the detection of the scrambling code received timing by the detector of 
scrambling code received timing 200.1, the memory 205 provides the FFT timing to the 
GI remover 208. The GI remover 208 uses the FFT timing to remove the guard 
intervals from the received multicarrier signal. The Gl-free multicarrier signal is input 

25 to the FFT unit 209, which separates the signal into N subcarrier components. 

The scrambling code identification circuit 210.1 sets to each correlator 212 
each of phases of scrambling code replicas generated by a generator of scrambling 
code replica 211 according to the received timing of scrambling code from the 
detector of scrambling code received timing 200.1. Each correlator 212 is provided 

30 for each of the N subcarriers . Each correlator 212 detects correlation value between 
each of the scrambling code replicas generated by the generator of scrambling code 
replica 21 1 and each of the N subcarrier components from the FFT unit 209. The 
detected correlation values are sent to an adder 213. The adder 213 adds up the 
correlation values of the N subcarriers for each of the scrambling code replicas, and 

35 the sum and a corresponding scrambling code number are stored in a correlation/code 
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number memory 214. A scrambling code detector 215 selects a maximum correlation 
value and a corresponding code number from the values stored in the correlation/code 
number memory 214. The selected scrambling code number is sent to a demodulation 
circuit 300. 

5 In the demodulation circuit 300 as precisely shown in FIG. 12, the received 

multicarrier signal from the antenna 199 is input to a FFT timing detector 302 and a GI 
remover 303, and the received timing of scrambling code detected in the detector of 
scrambling code received timing 200.1 and the scrambling code number identified in 
the scrambling code identification circuit 210.1 are input to a scrambling code 
10 generator 301. 

The FFT timing detector 302 detects a FFT timing, i.e., an symbol timing from 
the received multicarrier signal. According to the FFT timing, guard intervals are 
5 removed from the received multicarrier signal, and the Gl-free multicarrier signal is 

# separated into N subcarrier components by an FFT unit 304. A channel estimator 

ftj 15 305 estimates a channel variation of each subcarrier. Each of the N subcarriers is 
P compensated by each estimated channel variation by each multiplier 306. Along a 

5 direction of the subcarriers, symbols on the variation-compensated subcarriers are 

multiplied by a scrambling code from the scrambling code generator 301 at multipliers 
U 307. The symbols multiplied by the scrambling code are further multiplied by 

S3 20 multipliers 308 with a corresponding short code generated by a short code generator 
O 309 along the direction of the subcarriers. A summation unit 310 sums every SF 

^ symbols from the multipliers 308. The summed symbols are converted to parallel 

signals by a parallel-serial converter 311 and the converted serial signal. The serial 
signal after parallel-serial conversion is recovered to the original transmission data 
25 sequence through a data demodulator 312 and a decoder 313. 

Referring to FIG. 13, a receiving method by the receiver 20.1 for an MC- 
GDMA transmission system will be explained. Step S101 detects correlation values 
between a received multicarrier signal containing all before-FFT subcarriers and a 
synchronization signal replica. Step S102 finds a timing corresponding to a maximum 
30 value among the detected correlation values, and based on which, obtains an FFT 
timing, i.e., a symbol timing and a received timing of scrambling code. 

At the detected FFT timing, step S103 carries out an FFT to separate the 
multicarrier signal into N subcarrier components. Step S104 detects, at the detected 
received timing of scrambling code, a correlation value between each of the separated 
35 subcarrier components and each scrambling code replica. Step S105 identifies a 
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scrambling code corresponding to a maximum correlation value as a scrambling code 
that is scrambling (spreading) the received multicarrier signal. 

The demodulation circuit 300 in the receiver 20.1 descrambles the received 
multicarrier signal by using the identified scrambling code and recovers an original data 
5 sequence from the descrambled signal. 

Referring to FIG. 14, a receiver for an MC-CDMA transmission system as a 
fourth embodiment of the present invention will be explained. A functional 
configuration of the receiver 20.2 of this embodiment is identical with that of the 
receiver 20.1 of the third embodiment of the present invention shown in FIG. 10, 
10 though an inner configuration of a detector of scrambling code received timing 200.2 is 
slightly different from that of the third embodiment precisely shown in FIG. 11. 

The detector of scrambling code received timing 200.2 inputs a multicarrier 
i signal received by an antenna 199 (not shown in FIG. 14 but identical with that of FIG. 

3 10) to each of multiple synchronization signal correlation detectors 201 0.1 -201. m. An 

t 15 FFT timing setter 2014 sets respectively different FFT timings for respective 
* synchronization signal correlation detectors 201 0.1 -201 0.m. A GI remover 2015 of 

i each correlation detector 2010 removes guard intervals (GIs) from the multicarrier 

signal according to the set FFT timing. The Gl-free multicarrier signal is input to an 
£ FFT unit 2016, which separates the signal into N subcarrier components. Each of 

^ 20 subcarriers carrying synchronization signal thereon is input to each of multiple 
correlators 2012. Each of generators of synchronization signal replica 2013 generates 
a synchronization signal replica and input to the correlator 2012. Each correlator 
2012 detects a correlation value and a corresponding timing of the synchronization 
signal and output the detected correlation value into an adder 207. The adder 207 
25 adds up all of the detected correlation values from respective correlators 2012 in the 
same synchronization signal correlation detector 2010.x. A correlation/timing 
memory 203 stores the sum from the adder 207 and a corresponding timing. 

A timing detector 204 detects a maximum correlation value and a 
corresponding timing among the correlation values, each of them is stored in each 
30 correlation/timing memory 203 of the synchronization signal correlation detectors 
201 0.1 -201 0.m. The detected timing is stored as a scrambling code received timing in 
a memory 205. According to the scrambling code received timing, a final FFT timing 
is calculated and also stored in the memory 205. 

After the detection of the scrambling code received timing by the detector of 
35 scrambling code received timing 200.2, the memory 205 provides the FFT timing to the 
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GI remover 208. By the same operations as explained referring to FIG. 11, the GI 
remover 208 removes guard intervals (GIs) from the received multicarrier signal, an 
FFT unit 209 carries out FFT operation to the GHree multicarrier signal and an 
scrambling code identification circuit 210.1 identifies a scrambling code. In addition, a 
5 demodulation circuit 300 demodulates the received multicarrier signal into an original 
data sequence by the same operations as explained referring to FIG. 12. 

FIG. 15 is a flowchart showing a receiving method for MC-CDMA transmission 
carried out by the receiver 20.2. Step S201 1.1 carries out FFT at a given FFT timing, 
to separate a received multicarrier signal into N subcarrier components. For the 
10 given FFT timing, step S2012.1 detects correlation values between subcarrier 
components that contain a synchronization signal among the subcarrier components 
and the synchronization signal replicas. These operations are carried out for a 

3 plurality of FFT timings in steps S201.1 to S201.m. Step S202 detects a timing 

|| corresponding to a maximum correlation value as a scrambling code received timing. 

5 15 The FFT timing that provides the maximum correlation value is set as a final FFT 

©1 timing. 

jgj At the detected FFT timing, step S203 carries out FFT, to separate the 

; f received multicarrier signal into N subcarrier components. According to the detected 

L* scrambling code received timing, step S204 detects correlation values between each 

|M 20 of the separated subcarrier components and each of scrambling code replicas. Step 
ip S205 determines a scrambling code corresponding to a maximum correlation value as a 

scrambling code that is scrambling the received multicarrier signal. 

The demodulation circuit 300 in the receiver 20.2 descrambles the received 
multicarrier signal by using the identified scrambling code and recovers an original data 
25 sequence from the descrambled signal. 

Referring to FIGs. 16 and 12, a receiver for an MC-CDMA transmission 
system as a fifth embodiment of the present invention will be explained. The receiver 
20.3 comprises an antenna for multicarrier wireless signal 199 (not shown in FIG. 16 
but identical with that of FIG. 10), a detector of scrambling code received timing 200.3, 
30 a scrambling code identification circuit 210.1 and a demodulation circuit 300. 

The detector of scrambling code received timing 200.3 inputs a received 
multicarrier signal and separates it to multiple subcarrier components by a FFT unit 
2011. Each of limited subcarriers, which are carrying synchronization signal thereon, 
is input to each of multiple correlators 2012. Each of generators of synchronization 
35 signal replica 2013 generates synchronization signal replicas and input to each of the 
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correlators 2012. Each correlator 2012 detects a correlation value and a 
corresponding timing of the synchronization signal and output the detected correlation 
value into an adder 207. The adder 207 adds up every detected correlation values 
with the same synchronization signal timing from respective correlators 2012. A 
correlation/timing memory 203 stores the sums from the adder 207 and corresponding 
timings. 

A timing detector 204 detects a maximum correlation value and a 
corresponding timing among the sums of the correlation values stored in the 
correlation/timing memory 203. The detected timing is stored as a scrambling code 
received timing in a memory 205. 

After the detection of the scrambling code received timing by the detector of 
scrambling code received timing 200.3, the memory 205 provides the detected 
scrambling code received timing to an scrambling code identification circuit 210.1 of 
the same configuration as shown in FIG. 11. Each subcarrier components separated 
by the FFT unit 2011 is input to each correlator 212 of the scrambling code 
identification circuit 210.1. A scrambling code replica generator 211 generates 
multiple scrambling code replicas one by one at a time and inputs to each correlator 
212. 

Each correlator 212 detects correlation value between the given scrambling 
code replica from the replica generator 211 and each of the separated subcarrier 
components from the FFT unit 2011. The detected correlation values are sent to an 
adder 213. The adder 213 adds up the correlation values of the N subcarriers for 
each of the scrambling code replicas, and the sum and a corresponding scrambling 
code number are stored in a correlation/code number memory 214. A scrambling 
code detector 215 selects a maximum correlation value and a corresponding code 
number from the values stored in the correlation/code number memory 214. The 
selected scrambling code number is sent to the demodulation circuit 300. 

Demodulation operation to the received multicarrier signal carried out in the 
demodulation circuit 300 is identical with that explained referring to FIG. 12 
hereinbefore. 

FIG. 17 is a flowchart showing a receiving method for MC-CDMA transmission 
carried out by the receiver 20.3 shown in FIG. 1 6. Step S301 separates a received 
multicarrier signal into N subcarrier components through the DFT unit 201 or the like. 
Step S302 detects correlation values between subcarriers that carry a synchronization 
signal among the separated subcarrier components and synchronization signal replicas. 
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Step S303 detects a timing corresponding to a maximum correlation value as a 
scrambling code received timing among the correlation values. 

According to the detected scrambling code received timing, step S304 detects 
correlation values between the separated subcarrier components and each of 
5 scrambling code replicas. Step S305 determines a scrambling code replica 
corresponding to a maximum correlation value as a scrambling code that is scrambling 
the received signal. 

The demodulation circuit 300 in the receiver 20.3 also descrambles the 
received muiticarrier signal by using the identified scrambling code and recovers an 
10 original data sequence from the descrambled signal. 

Referring to FIGs. 18 and 12, a receiver for an MG-CDMA transmission 
system as a sixth embodiment of the present invention will be explained. The 
y receiver 20.4 comprises an antenna for muiticarrier wireless signal 199 (not shown in 

€l FIG. 18 but identical with that of FIG. 10), m scrambling code correlation detectors 

m 15 2301.1 -2301. m, an FFT timing setter 2014 for setting respectively different FFT 
W timings to respective m correlation detectors 2301.1 -2301 .m, a detector of scrambling 

i| code and received timing 240 and a demodulation circuit 300. Each of the scrambling 

code correlation detectors 230.1 -230.m comprises a GI remover 2015, an FFT unit 
iU 2016, a timing of scrambling code detector 200.3, which is the same as that of FIG. 16, 

IS 20 and a scrambling code identification circuit 210.2. A precise configuration of the 
O demodulation circuit 300 is the same as that of FIG. 12. 

^ A muiticarrier signal received by the antenna 199 is input to each scrambling 

code correlation detector 230.x. The FFT timing setter 2014 sets respectively 
different FFT timings for the scrambling code correlation detectors 230.1 -230.m, 

25 respectively. In each scrambling code correlation detector 230.x, the GI remover 
2015 removes guard intervals (GIs) from the muiticarrier signal according to the set 
FFT timing. The Gl-free muiticarrier signal is supplied to an FFT unit 2016, which 
separates the signal into N subcarrier components. Thereafter, operations carried out 
by a correlator 2012, a replica of synchronization signal generator 2013, and an adder 

30 207 are the same as those of FIG. 16. A correlation/timing memory 203 stores 
correlation values and corresponding timings from the adder 207. 

A timing detector 204 selects a maximum correlation value and a 
corresponding timing from the values stored in the correlation/timing memory 203. 
Th e selected timing is stored as a candidate of scrambling code received timing in a 

35 memory 205. 
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After detecting the candidate of scrambling code received timing, in the 
scrambling code identification circuit 210.2 , a scrambling code replica generator 211 
sets a scrambling code replica according to the candidate of scrambling code received 
timing provided by the detector of scrambling code received timing 200.3. Each 
correlator 212 detects correlation values between the scrambling code replica 
generated by the scrambling code replica generator 21 1 and the respective subcarriers 
output from the FFT unit 2016. The detected correlation values are supplied to an 
adder 213. The adder 213 adds up the correlation values. The sum and a 
corresponding scrambling code number are stored in a correlation/code number 
memory 214. 

The detector of scrambling code and received timing 240 selects a maximum 
correlation value and a corresponding code number from the values respectively 
stored in the correlation/code memories 214. According to the maximum correlation 
value, an optimum received timing of scrambling code is selected among the values 
respectively stored in the memories 205 in the respective scrambling code correlation 
detectors 230.1 -230.m. The selected scrambling code number and scrambling code 
received timing are transferred to the demodulation circuit 300. 

Demodulation operation to the received multicarrier signal carried out in the 
demodulation circuit 300 is identical with that explained referring to FIG. 12 herein- 
before. 

FIG. 19 is a flowchart showing a receiving method for MC-CDMA transmission 
carried out by the receiver 20.4 shown in FIG. 1 8. Step S401 1 .1 carries out FFT at a 
given FFT timing, to separate a received multicarrier signal into N subcarrier 
components. For the given FFT timing, step S4012.1 detects correlation values 
between respective subcarriers that contain a synchronization signal among the N 
subcarriers and the synchronization signal replica. For the given FFT timing, step 
S4013.1 detects a timing corresponding to a maximum correlation value as a candidate 
of scrambling code received timing. At the candidate of scrambling code received 
timing, step S4014.1 detects correlation values between each of the N subcarriers and 
each of scrambling code replicas. These operations are carried out for a plurality of 
FFT timings set by the FFT timing setter 2014 (Steps S401.1 to S401.m). 

Based on the correlation values detected at all FFT timings, step S402 finds 
an optimum FFT timing, a received timing of scrambling code and a scrambling code 
number that is scrambling the received multicarrier signal. 

The demodulation circuit 300 in the receiver 20.4 also descrambles the 
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received multicarrier signal by using the identified scrambling code and recovers an 
original data sequence from the descrambled signal. 

Referring to FIGs. 20 and 12, a receiver for an MOCDMA transmission 
system as a seventh embodiment of the present invention will be explained. The 
5 receiver 20.5 comprises an antenna for wireless multicarrier signal 199 (not shown in 
FIG. 20 but identical with that of FIG. 10), an FFT timing detector 250.1, a GI remover 
2015, an FFT unit 2016, a detector of scrambling code received timing 200.3 a 
scrambling code identification circuit 210,1 and a demodulation circuit 300. The GI 
remover 2015, the FFT unit 2016 and the detector of scrambling code received timing 
10 200.3 are identical with those of FIG. 18, and the scrambling code identification circuit 
210.1 is identical with that of FIG. 16. The demodulation circuit 300 is identical with 
that of FIG. 12. 

A multicarrier signal received by the antenna 199 is input to the FFT timing 
detector 250.1. A delay circuit 251 delays the input multicarrier signal by one symbol 

15 time-length. A multiplier 252 multiplies the input multicarrier signal by the delayed 
signal from the delay circuit 251. The product signal is sent to an integrator 253. 
The integrator 253 integrates the product signal over every one guard interval and 
detects correlation values. The detected correlation values and corresponding 
timings are stored in a correlation/timing memory 254. 

20 A timing detector 255 selects a maximum correlation value and a 

corresponding timing from the values stored in the correlation/timing memory 254. 
The selected timing is stored as an FFT timing in a memory 256. 

According to the FFT timing stored in the memory 256, the GI remover 2015 
removes guard intervals (GIs) from the received multicarrier signal. The guard- 

25 interval-free multicarrier signal is supplied to the FFT unit 2016, which separates the 
signal into N subcarrier components by using the FFT timing from the memory 256 and 
inputs the subcarriers to the detector of scrambling code received timing 200.3. 
Operations carried out in the detector of scrambling code received timing 200.3 are 
the same as those of FIG. 18, and a detected scrambling code received timing is 

30 stored in a memory 205. 

After the operations for detecting the received timing of scrambling code, the 
scrambling code identification circuit 210.1 identifies a scrambling code number by the 
same manner as that of FIG. 16, and the identified scrambling code number is input to 
the demodulation circuit 300. 

35 Demodulation operation to the received multicarrier signal carried out in the 
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demodulation circuit 300 is identical with that explained referring to FIG. 12. 

FIG. 21 is a flowchart showing a receiving method for MC-CDMA transmission 
carried out by the receiver 20.5 shown in FIG. 20. Step S501 detects correlation 
values between a received signal containing all before-FFT subcarriers and a signal 
5 that is formed by delaying the received signal by a symbol length (excluding a guard 
interval). Step S502 finds a timing corresponding to a maximum correlation value as 
an FFT timing. At the detected FFT timing, step S503 carries out FFT to separate 
the received multicarrier signal into N subcarrier components. 

Step S504 detects correlation values between m subcarriers that carry a 
10 synchronization signal among the separated N subcarriers and the synchronization 
signal replica. Step S505 determines a timing corresponding to a maximum 
correlation value as a scrambling code received timing. 

Subsequently, detecting a scrambling code that is scrambling the received 
multicarrier signal is carried out according to steps S304 and S305 of the flowchart of 
15 FIG. 17. 

The demodulation circuit 300 in the receiver 20.5 also descrambles the 
received multicarrier signal by using the identified scrambling code and recovers an 
original data sequence from the descrambled signal. 

Referring to FIGs. 22 to25, a receiver for an MC-CDMA transmission system 

20 as an eighth embodiment of the present invention will be explained. 

As explained referring to FIGs. 20 and 21 hereinbefore, one of the receiving 
techniques for MC-CDMA transmission system retrieves one symbol timing (equivalent 
to an FFT timing) corresponding a maximum value among the plural correlation values, 
those are accumulated by using correlation of the guard intervals. 

25 For a mobile communication system using the MC-CDMA transmission 

technique, however, the maximum correlation value to be detected among the plural 
correlation values is dependent not only on a received signal attenuation, i.e., a 
distance attenuation and a path loss due to shadowing but also on the total 
transmission power of each base station. Accordingly, if base stations in the mobile 

30 communication system involve different transmission powers, a receiver station may 
erroneously choose a base station having a large transmission power instead of a 
correct base station having an optimum receiving level per channel 

This problem will be precisely explained hereinafter. A flowchart of FIG. 22 
shows a method of FFT timing candidate detection by correlation to the guard 

35 intervals, which is carried out by the receiver of FIG. 20. FIG. 23 shows the principle 
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of the method. 

A synchronization timing of received symbol is a timing to receive the start of 
information symbol excluding a guard interval and is equivalent to an FFT start timing. 
In the following explanation, therefore, the received symbol synchronization timing is 
5 referred to as "FFT timing." Further, the length of one symbol is defined as X 
sampling periods, and the length of a guard interval as Y sampling periods. 

According to the flowchart of FIG. 22, step S1001 multiplies, at every sampling 
timing, a received signal before FFT containing all subcarriers by a delayed signal of 
the received signal by one symbol length (X sampling periods), to provide products. 

10 Step S1002 calculates moving averages of the products in each averaging period that 
starts from a sampling timing and is equal to Y sampling periods, to provide a sequence 
of correlation values. Step S1003 carries out coherent summation to the sequence of 
correlation values for every (X+Y) sampling periods and provides a sequence of 
correlation values of (X+Y) sampling periods. FIG. 24 shows an example of the 

15 sequence of correlation values of (X+Y) sampling periods. Based on the sequence of 
correlation values of (X+Y) sampling periods of FIG. 24, step S1004 detects, as an FFT 
timing, a timing corresponding to a maximum correlation value. 

The maximum correlation value to be detected in the sequence of correlation 
values of FIG. 24 is dependent not only on a received signal attenuation, i.e., a distance 

20 attenuation and a path loss due to shadowing but also on the total transmission power 
of each base station (cell). If base stations in the mobile communication system 
involve different transmission powers, a receiver station (a mobile station) may 
erroneously choose a base station having a large transmission power instead of a 
correct base station having an optimum receiving level per channel, i.e., a smallest path 

25 loss. If there are base stations 1 and 2 with the base station 1 having less 
communication channels than the base station 2 and if an optimum base station for a 
mobile station is the base station 1, there will be a risk for the mobile station of 
erroneously choosing the base station 2 having a larger number of communication 
channels. 

30 FIG. 25 shows a receiver of the eighth embodiment for MC-CDMA 

transmission system that solves the problems set forth hereinbefore. The receiver 
20.6 comprises an antenna for wireless multicarrier signal 199 (not shown in FIG. 25 
but identical with that of FIG. 10), an FFT timing detector 250.2, m scrambling code 
correlation detectors 230.1 -230.m, a scrambling code and received timing detector 240 

35 and a demodulation circuit 300 as shown in FIG. 12. 
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A multicarrier signal received by the antenna 1 99 is input to the FFT timing 
detector 250.2. A delay circuit 251 delays the input multicarrier signal by one symbol 
time-length. A multiplier 252 multiplies the input multicarrier signal by the delayed 
signal from the delay circuit 251. The product signal is sent to an integrator 253. 
5 The integrator 253 integrates the product signal over every one guard interval and 
detects correlation values. The detected correlation values and corresponding 
timings are stored in a correlation/timing memory 254. 

A timing detector 255 selects a maximum correlation value and a 
corresponding timing from the values stored in the correlation/timing memory 254. 
10 The selected timing is stored as an FFT timing candidate #1 in a memory 256. A 
search range setter 257 sets a search range according to the FFT timing candidate in 
the memory 256 and the values in the correlation/timing memory 24. Various 
S methods are usable for this search range setting. Those methods will be explained 

■O hereinafter. Within the search range set by the search range setter 257, the timing 

m 15 detector 255 selects a maximum correlation value and a corresponding timing from the 
PI values in the correlation/timing memory. The selected timing is stored as an FFT 

J timing candidate #2 in the memory 256. These operations are repeated to detect a 

, predetermined number of FFT timing candidates. 

|E The scrambling code correlation detectors 230.1 -230.m are provided for 

2 20 respective m FFT timing candidates detected by the FFT timing detector 250.2. The 
Q configuration of each of the scrambling code correlation detectors 230.1 -230.m is 

ih * identical with that of FIG. 18, and it comprises a GI remover 2015, an FFT unit 2016, a 

detector of scrambling code received timing 200.3 and a scrambling code identification 
circuit 210.2. 

25 The respective FFT timing candidates from the FFT timing detector 250.2 are 

supplied to the respective scrambling code correlation detectors 230.1 -230.m. Each 
scrambling code correlation detector 230.x carries out the same operations with those 
of FIG. 18. Namely, a GI remover 2015 removes guard intervals (GIs) from the 
multicarrier signal received by the antenna 199 according to the set FFT timing 

30 candidate from the FFT timing detector 250.2. The Gl-free multicarrier signal is 
supplied to an FFT unit 2016, which separates the signal into N subcarrier 
components. Thereafter, operations carried out by a correlator 2012, a replica of 
synchronization signal generator 2013, and an adder 207 are the same as those of FIG. 
16. A correlation/timing memory 203 stores correlation values and corresponding 

35 timings from the adder 207. A timing detector 204 selects a maximum correlation 
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value and a corresponding timing from the values stored in the correlation/timing 
memory 203. The selected timing is stored as a candidate of scrambling code 
received timing in a memory 205. Consequently, m received timing candidates of 
scrambling code are obtained by m scrambling code correlation detector 230.1 -230.m, 
5 respectively. 

After detecting the candidate of scrambling code received timing, the 

* 

scrambling code identification circuit 210.2 in each scrambling code correlation 
detector 230.x carries out operations to obtain a scrambling code number and 
correlation value. The manner of operations is the same as that of FIG. 18. 
10 The detector of scrambling code and received timing 240 selects a maximum 

correlation value and a corresponding code number from the values respectively 
output from the scrambling code identification circuits 210.1. According to the 
Jj maximum correlation value, an optimum received timing of scrambling code is selected 

^ among the received timing candidates respectively output from the scrambling code 

If! 15 correlation detectors 230.1 ~230.m. The selected scrambling code number and 
f * scrambling code received timing are transferred to the demodulation circuit 300. 

J£ Demodulation operation to the received multicarrier signal carried out in the 

7. demodulation circuit 300 is identical with that explained referring to FIG. 12 herein- 

IN* before. 

20 FIG. 26 is a flowchart showing a receiving method for MC-CDMA transmission 

O carried out by the receiver 20.6 shown in FIG. 25. Step S1 1 01 multiplies, at every 

sampling timing, a received signal before FFT containing all subcarriers by a delayed 
signal of the received signal by one symbol length (X sampling periods), to provide 
products. Step S1102 calculates moving averages of the products in each averaging 

25 period that starts from a sampling timing and is equal to Y sampling periods, to provide 
a sequence of correlation values. Step S1103 carries out coherent summation to the 
sequence of correlation values for every (X+Y) sampling periods and provides a 
sequence of correlation values of (X+Y) sampling periods. These operation steps are 
equivalent with those of steps S1002 to S1003 in FIG. 22. 

30 Subsequently, steps S1104 to S1106 detect a plurality of FFT timing 

candidates according to the sequence of correlation values for (X+Y) sampling periods 
as shown in FIG. 24. FIG. 27 shows three FFT timing candidates detected by the FFT 
timing detector 250.2 of FIG. 25 as set forth hereinafter. A timing corresponding to a 
maximum correlation value in the sequence of correlation values for (X+Y) sampling 

35 periods is defined as an FFT timing candidate #1. A window of W sampling periods is 
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set around the FFT timing candidate #1 as an exclusion window #1, which is excluded 
from a search range of the next FFT timing candidate for (X+Y) sampling periods to set 
a new search range of (X+Y-W). In the search range (X+Y-W), a timing corresponding 
to a maximum correlation value among the remaining correlation values is defined as 
5 an FFT timing candidate #2. Similarly, another window of W sampling periods is set 
around the FFT timing candidate #2 as an exclusion window #2. This exclusion 
window #2 is also excluded from the search range, to detect a next FFT timing 
candidate #3. 

Subsequently, as shown in a flowchart of FIG. 28, a scrambling code 
10 identification operation by using the detected m FFT timing candidates is carried out. 
In FIG. 28, the number of received timing candidates of scrambling code to be detected 
is equivalent with the number of FFT window timing candidates. Step S1100 detects 
?{ plural m FFT timing candidates. This step S1 100 corresponds to the whole 

operations shown in FIG. 26. 
jl 15 At each of the detected FFT timing candidates, step S1 201.1 carries out FFT 

to separate a received signal into subcarrier components. Step S1 202.1 detects a 
correlation between subcarriers that carries a synchronization signal among the 
separated N subcarriers and the synchronization signal replica. For each FFT timing 
candidate, step S1 203.1 sets a timing at which a maximum correlation value appears as 
20 a candidate of scrambling code received timing. According to this candidate of 
scrambling code received timing, step S1 204.1 detects a correlation value between 
each subcarrier and each scrambling code replica. Steps S1 201.1 to S1 205.1 are 
carried out for every FFT timing candidates detected by the FFT timing detector 250.2 
(SI 200.1 -S1200.m). 

25 According to the scrambling code correlation values detected at all FFT timing 

candidates, step S1300 finds a scrambling code corresponding to a maximum 
correlation value and the timing thereof and determines a scrambling code that is 
scrambling the received multicarrier signal, a received timing of scrambling code, and 
an FFT timing. Namely, step S1300 simultaneously determines the FFT timing, 
30 scrambling code received timing, and scrambling code. 

This method of detecting plural FFT timing candidates surely detects the most 
base station even if it involves a small transmission power and even if plural base 
stations in the mobile communication system involve different transmission powers. 

There are another methods of detecting plural m FFT timing candidates by the 
35 FFT timing detector 250.2 shown in FIG. 25, which are shown by flowcharts of FIGs. 29 
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and 30. In FIGs. 29, exclusion windows #1 and #2 are separated from each other. An 
FFT timing candidate #1 is detected at first. A window of W/2 sampling periods is set 
before and behind the FFT timing 1. Namely, a window of W sampling periods is set 
around the FFT timing candidate #1, to define the exclusion window #1. The 
5 exclusion window #1 is excluded to define a new search range of (X+Y-W) sampling 
periods in which a timing corresponding to a maximum correlation value is detected as 
an FFT timing candidate #2. Similarly, an another window of W sampling periods is set 
around the FFT timing candidate #2 as the exclusion window #2 to set a new search 
range in which an FFT timing candidate #3 is detected. 
10 In FIG. 30, exclusion windows #1 and #2 overlap each other. FFT timing 

candidates #1 and #2 are detected like the example of FIG. 29. A window of W 
sampling periods is set around the FFT timing candidate #2 as the exclusion window #2 
5? to define a new search range. Since the exclusion windows #1 and #2 partly overlap 

'fi each other, the interval to be excluded in FIG. 30 is smaller than 2W sampling periods. 

|f| 15 FIG. 31 shows an another detection method of plural FFT timing candidates. 

f: This method detects three FFT timing candidates (m=3). After detecting an FFT 

4C timing candidate #1, a window of W sampling periods is extended from the FFT timing 

I", candidate #1 up to two points each being AdB smaller than the correlation value of the 

P FFT timing candidate #1. The window of W sampling periods serves as an exclusion 

20 window #1 to define a new search range of (X+Y-W) sampling periods in which a 
3 maximum correlation value is detected to determine an FFT timing candidate #2. 

Similarly, an another window of W sampling periods is extended from the FFT timing 
candidate #2 up to two points each being AdB smaller than the correlation value of the 
FFT timing candidate #2. The window of W sampling periods serves as an exclusion 
25 window #2 to define a new search range in which an FFT timing candidate #3 is 
detected. 

FIGs. 32 shows another detection methods of plural FFT timing candidates. 
This method also detects three FFT timing candidates (m=3). In FIG. 32, widths of 
exclusion windows change each other according to the inclination of a sequence of 
30 correlation values around each FFT timing candidate. If the inclination is steep, the 
exclusion window is narrowed, and if the inclination is gentle, the exclusion window is 
widened. Namely, if the peak width of an FFT timing candidate is narrow, a narrow 
exclusion window #1 is defined, and if the peak width is wide, a wide exclusion window 
#2 is defined. 

35 FIG. 33 also shows another detection method of plural FFT timing candidates. 
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This method continuously extends an exclusion window from a detected FFT timing (a 
correlation peak) along a sequence of correlation values as long as the sequence of 
correlation values decreases. More precisely, an FFT timing candidate #1 is first 
detected on a sequence of correlation values, and a window of W sampling periods is 
5 extended from the FFT timing candidate #1 along the sequence of correlation values 
as long as the sequence of correlation values decreases. The extended window of W 
sampling periods serves as an exclusion window #1 to define a new search range of 
(X+Y-W) sampling periods. In the search range (X+Y-W) sampling periods, a timing 
corresponding to a maximum correlation value is detected as an FFT timing candidate 
10 #2. Similarly, another window of W sampling periods is extended from the FFT timing 
candidate #2 as long as the sequence of correlation values decreases. The extended 
window of W sampling periods serves as an exclusion window #2 to define a new 
/Jj search range in which an FFT timing candidate #3 is detected. 

^ These methods of FIGs. 32 and 33 are capable of properly setting the 

jiff 15 exclusion windows even if correlation peaks overlap each other or even if a peak width 
is changed due to the influence of multipaths. 

"■4 

M FIG. 34 shows an another method of plural FFT timing candidates. This 

method detects two FFT timing candidates according to any one of the methods of 
H FIGs. 27 to 33, and then, newly defines eight FFT timing candidates. More precisely, 

Jfj 20 FFT timing candidates #1 and #2 are detected according to any one of the methods of 
P FIGs. 27 to 33. ±A sampling periods and (2A sampling periods are set around the FFT 

timing candidates #1 and #2, to define new FFT timing candidates. 

FIG. 35 shows an another method of plural FFT timing candidates. This 
method detects two FFT timing candidates #1 and #2 according to any one of the 
25 methods of FIGs. 27 to 33, and then, four additional FFT timing candidates are set. 
Each of the additional FFT timing candidates is defined as each correlation value 
thereof to be smaller by (dB than a corresponding one of the correlation values of the 
FFT timing candidates #1 and #2. 

These method of FIGs. 34 and 35 are capable of detecting a correct FFT 
30 timing even if a detected timing is greatly shifted from an ideal timing due to 
overlapping correlation peaks or due to the influence of noise and interference. 

Incidentally, after determination of plural m FFT timing candidates by any one 
of the methods of FIGs. 29 to 35, operations for detecting a scrambling code number 
and a received timing of scrambling code by using the plural FFT timing candidates are 
35 carried out by steps S1200 and S1300 in FIG. 28. 
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Referring to FIG. 36, a receiver for an MC-CDMA transmission system as an 
ninth embodiment of the present invention will be explained. The receiver 20.7 
comprises an antenna for wireless multicarrier signal 199 (not shown in FIG. 36 but 
identical with that of FIG. 10), an FFT timing detector 250.2, a detector of scrambling 
5 code received timing 200.2, a GI remover 208, an FFT unit 209, a scrambling code 
identification circuit 210.1 and a demodulation circuit 300. The FFT timing detector 
250.2 is identical with that of FIG. 25. The detector of scrambling code received 
timing 200.2, the GI remover 208, the FFT unit and the scrambling code identification 
circuit 210.1 are identical with those of FIG. 14. The demodulation circuit 300 is 
10 identical with that of FIG. 1 2. 

A multicarrier signal received by the antenna 199 is input to the FFT timing 
detector 250.2. The FFT timing detector 250.2 detects plural m FFT timing 
candidates from the received multicarrier signal by the same operations as those of 

S FIG * 25 ' 

H| 15 The detector of scrambling code received timing 200.2 comprises a GI 

remover 2015, an FFT unit 2016, m synchronization signal correlation detectors 
M 201 0.1 -201 0.m, a timing detector 204 and memory 205 as those of FIG. 14. This 

:* . detector of scrambling code received timing 200.2 inputs the receive multicarrier to 

N the respective synchronization signal correlation detectors 201 0.1 -201 0.m. The FFT 

S 20 timing detector 250.2 sets plural m FFT timing candidates to the synchronization signal 
O correlation detectors 201 0.1 -201 0.m, respectively. 

In each synchronization signal correlation detector 2010.x, the GI remover 
2015 removes guard intervals (GIs) from the multicarrier signal according to the set 
FFT timing candidate from the FFT timing detector 250.2. The Gl-free multicarrier 
25 signal is supplied to the FFT unit 2016, which separates the signal into N subcarrier 
components. Each of subcarriers carrying synchronization signal thereon is input to 
each of multiple correlators 2012. Each of generators of synchronization signal 
replica 2013 generates a synchronization signal replica and input to the correlator 
2012. Each correlator 2012 detects a correlation value and a corresponding timing of 
30 the synchronization signal and output the detected correlation value into an adder 207. 
The adder 207 adds up all of the detected correlation values from respective 
correlators 2012 in the same synchronization signal correlation detector 2010.x. A 
correlation/timing memory 203 stores the sum from the adder 207 and the 
corresponding timing. 

35 A timing detector 204 detects a maximum correlation value and a 
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corresponding timing among the correlation values, each of them is stored in each 
correlation/timing memory 203 of the synchronization signal correlation detectors 
201 0.1 -201 O.m. The detected timing is stored as a scrambling code received timing in 
a memory 205. According to the scrambling code received timing, a final FFT timing 
5 is calculated and also stored in the memory 205. 

After the detection of the scrambling code received timing by the detector of 
scrambling code received timing 200.2, the memory 205 provides the FFT timing to the 
GI remover 208. By the same operations as explained referring to FIG. 1 1 , the GI 
remover 208 removes guard intervals (GIs) from the received multicarrier signal, an 

10 FFT unit 209 carries out FFT operation to the Gl-free multicarrier signal and an 
scrambling code identification circuit 210.1 identifies a scrambling code number. In 
addition, a demodulation circuit 300 demodulates the received multicarrier signal into 
an original data sequence by the same operations as explained referring to FIG. 12. 

A detection method of scrambling code number and timing carried out by the 

15 receiver 20.7 is shown as a flowchart of FIG. 37. Firstly, step S1100 detects plural m 
FFT timing candidates from the received multicarrier signal by the FFT timing detector 
250.2. The precise operation of the FFT timing candidates detection is the same as 
that of FIG. 26. Still, any one of the detection methods of plural FFT timing 
candidates shown in FIGs. 27 to 35 is usable. 

20 Subsequently, as shown in the flowchart of FIG. 37, a scrambling code 

identification operation by using the detected m FFT timing candidates is carried out. 
Step S1 401.1 carries out FFT to separate a received signal into subcarrier 
components. Step S 1402.1 detects a correlation between subcarriers that carries a 
synchronization signal among the separated N subcarrier components and a 

25 synchronization signal replica. For each FFT timing candidate, these steps S1 401.1 
and S1402.1 are carried out (S1400.1 to S1400.m). 

Thereafter, step S1500 finds a scrambling code received timing corresponding 
to a maximum correlation value. According to the detected received timing of 
scrambling code, step 1600 detects correlation values between respective scrambling 

30 code replicas and the GHree subcarriers after FFT. Step 1700 determines a 
scrambling code that is scrambling the received multicarrier signal corresponding to a 
maximum correlation value of scrambling code. In this method of FIG. 37, the FFT 
timing and the received timing of scrambling code are detected on step S1500, which 
is before the determination of the scrambling code itself. 

35 This method of detecting plural FFT timing candidates also surely detects the 
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most suitable base station even if it involves a small transmission power and even if 
plural base stations in the mobile communication system involve different transmission 
powers. 

Hereinafter, a correlation detecting method of scramble code will be 
explained. It is assumed that the number of subcarriers is N of #1 to #N. An 
example shown in FIG. 38 is a case of Navg=6, Ncs=4, and Nps=N/Ncs. A coherent 
summation of each correlation value of the symbol is carried out for every subcarrier 
during an interval of Navg symbols along a time axis, to provide a coherent sum for 
each subcarrier. Further, a coherent summation of the coherent sum of each 
subcarrier is carried out for Ncs subcarriers, to provide a coherent sum of every Ncs 
subcarriers. Subsequently, a power summation to Nps summed value of every Ncs 
subcarriers is carried out along a frequency axis, to provide a correlation value of each 
scrambling code. 

In case that Nps=N/Ncs as this example, N subcarriers by Navg symbols are 
used to detect a correlation value of each scrambling code. 

A second example shown in FIG. 39 is a case of Navg=6, Ncs=4, and Nps=1. 
In this case, since Nps=1, a summed value of Ncs subcarriers represent a correlation 
value of each scrambling code, and N subcarriers by Navg symbols are used to detect 
N/Ncs correlation values of N/Ncs respective scrambling codes. 

A third example shown in FIG. 40 is a case of Nps=(N/Ncs)/4. Four 
correlation values of scrambling codes ((N/Ncs)/Nps=4) are alternately detected at 
every Ncs subcarriers interval. Nps sets of summed value calculated at every Ncs 
subcarriers interval are power-summed along a frequency axis for every scrambling 
code, to provide a correlation value of each scrambling code. 

In this example, since Nps=(Nc/Ncs)/4, N subcarriers by Navg symbols are 
used to detect four correlations values of four respective scrambling codes. 

FIG. 41 is another example of Nps-(N/Ncs)/2 case. In this case, N 
subcarriers by Navg symbols are used to detect two correlation values of two 
respective scrambling codes. 

As explained above, the present invention realizes high-speed, precise 
scrambling code synchronization for multicarrier CDMA. 

Further, the present invention enables a multicarrier CDMA mobile 
communication system to select a symbol received timing related to an optimum cell 
(base station) from among a plurality of candidates even if the communication system 
involves a plurality of cells having different transmission powers. 
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